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OPTICAL FIBER GRATING FABRICATION APPARATUS 
FOR MINIMIZING DIFFRACTION EFFECT 



PRIORITY * 

This application claims priority to an application entitled "Optical Fiber 
Grating Fabrication Apparatus for Minimizing Diffraction Effect" filed in the 
Korean Industrial Property Office on July 25, 2000 and assigned Serial No. 2000- 
42700, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
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1 . Field of the Invention 

The present invention relates generally to an optical fiber grating 
15 fabricating' apparatus, and in particular, to an optical fiber grating fabricating 
apparatus for minimizing a diffraction effect using a mobile concave lens. 

2. Description of the Related Art 

An op tical fiber grating is a filter selecting a particular wavelength along 
20 the core of an optical fiber. The optical fiber grating removes or reflects light at 
a particular wavelength by inducing a periodical change in the refractive index of 
an optical fiber using a UV (Ultra Violet) laser. Optical fiber gratings are 
divided into short period fiber gratings and long period fiber gratings. The short 
fiber gratings perform filtering by reflecting light at a predetermined wavelength, 
25 whereas the long period fiber gratings couple a core mode to a cladding mode. 
Since long period fiber gratings with a period of tens of micrometers to hundreds 
of micrometers can remove light at a predetermined wavelength by coupling light 
from a code more to a cladding mode, they are used as gain flattening filters for 
EDFAs (Erbium Doped Fiber Amplifiers). 
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The long period fiber gratings are fabricated by incurring periodical 
changes in the refractive index of the core of a UV-sensitive optical fiber. The 
refractive index is increased in portions, exposed to UV light and it is intact in 
5 normal portions, thereby generating a periodical refractive index change along 
the length direction of the optical fiber. 

The fiber gratings are fabricated by using a mask or not. If a mask is 
not used, fiber gratings can be fabricated in various periods. However, due to 
10 the disadvantages of difficulty in ensuring reproducibility and long fabrication 
time, this method is not widely used. On the other hand, use of a mask for 
fabrication of fiber gratings has the advantages of high reproducibility and short 
fabrication time. Therefore, a mask is usually used in fabricating fiber gratings. 

15 There are three ways to fabricate fiber gratings using a mask: a popular 

mask of a particular period having a simple structure, a projection method using 
a mask of a predetermined period suggested to overcome the shortcomings of the 
popular mask, and a projection method using a multi-period mask suggested to 
overcome the shortcomings of the proceeding projection method. 

20 

Use of a particular period mask is popular. As shown in FIGs. 1 A and 
IB, a mask 12 with a predetermined period A is disposed apart from an optical 
fiber 10. UV light 16 emitted from a light source is focused in a perpendicular 
direction to the length of the optical fiber 10 using a cylindrical concave lens 14. 
25 In this method, fiber gratings with one wavelength band can be fabricated with 
the single mask 12. To fabricate fiber gratings with a different wavelength band, 
the mask 12 must be replaced. Therefore, this method is not effective in cost 
and convenience. 
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A projection method using a mask with a predetermined period A is 
similar to the first method in that fiber gratings are written in an optical fiber with 

a TP ask d is posed before the optical fiber As shown in FTG s. 2 A and TTV 

light 28 focused in a perpendicular direction to an optical fiber 20 by a 
5 cylindrical convex lens 26 is diverged along the axial direction of the optical 
fiber 20 through a cylindrical concave lens 24. Shadow patterns produced while 
light diverged through the cylindrical concave lens 24 is passing through a mask 
22 are written on the optical fiber 20. The period of the shadow patterns on the 
optical fiber 20 varies by m6vmg^he_j]ia^^ and fro. If the mask 22 

10 approaches the cylindrical concave lens 24, the period of the shadow patterns 
increases, while if the mask 22 approaches the optical fiber 20, the period of the 
shadow patterns decreases. 

Despite the advantage of fabrication of fiber gratings with diverse 
15 wavelength bands, this method also has a limited period range. Thus, if the 
period of fiber gratings is too great or too small, a new mask with a different 
period must be used. 

The mu lti-period ma sk using method reduces a diffraction effect by 
20 changing the period of a multi-period mask and thus keeping a narrow distance 
between an optical fiber and the mask if the period of fiber gratings is greater . 
than a predetermined value and thus the mask is spaced from the optical fiber by 
a predetermined distance. Referring to FIGs. 3A and 3B, UV light 38 focused 
in a perpendicular direction to the length of an optical fiber 30 by a cylindrical 
25 convex lens 36 is diverged along , the axial direction of the optical fiber 30 
through a cylindrical concave lens 34. While the diverged light is passing 
through a mask 23, the shadow patterns of the mask 32 are written on the optical 
fiber 30. The period of the shadow patterns on the optical fiber 30 is changed { 
by moving the mask 32 to and fro. If the mask 32 is moved toward the 
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cylindrical concave lens 34, the period increases and if the mask 32 is moved 
toward the optical fiber 30, the period decreases. Because the single mask 32 
has a plurality of periods Al, A2, and A3, an available fiber grating period range 
is wide enough to fabricate fiber gratings without replacing the mask 32. 

However, a diffraction . effect cannot be avoided with this method either. 
In addition, as the mask is spaced from the optical fiber by different distances 
according to the periods of intended fiber gratings^ different diffraction effects 
are produced. 

10 

Consequently, the above conventional fiber grating fabrication methods 
are ineffective in cost and processing time because fiber gratings are fabricated 
with limited periods and masks must be changed whenever the period of fiber 
gratings is changed. In addition, as different diffraction effects occur according 
15 to different periods of fiber gratings, processing conditions (e.g., exposure time) 
cannot be estimated accurately. 

SUMMARY OF THE INVENTION 

20 It is, therefore, an object of the present invention to provide an optical 

fiber fabrication apparatus which minimizes a diffraction effect produced by a 
mask in fabrication of fiber gratings in order to prevent deterioration of the 
spectrum characteristics of the fiber gratings that might otherwise occur. 

25 It is another object of the present invention to provide an optical fiber 

grating fabrication apparatus which can estimate processing conditions relatively 
accurately by removing the difference between diffraction effects produced 
according to the periods of fiber gratings. 
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The foregoing and other objects can be achieved by providing an optical 
fiber grating fabricating apparatus. To fabricate fiber gratings according to one 
aspect of the present invention, an optical fiber is prepared , a mask with a 
predetermined period is spaced from the optical fiber, for forming patterns to be 
5 used in fabricating gratings on the optical fiber, a UV light source projects UV 
light in a perpendicular direction to the optical fiber, a lens focuses the UV light, 
and a mobile concave lens diverges the focused UV light along the length 
direction of the optical fiber and changes the period of the fiber gratings while 
moving to and fro. 

10 

To fabricate fiber gratings according to another * aspect of the present 
invention, an optical fiber is prepared, an integrated multi-period mask is spaced 
from the optical fiber, for forming patterns to be used in fabricating gratings in a 
selected period on the optical fiber, a UV light source projects UV light in a 
15 perpendicular direction to the optical fiber, a lens focuses the UV light, and a 
mobile concave lens diverges the focused UV light along the length direction of 
the optical fiber and changes the period of the fiber gratings while moving to and 
fro. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
25 invention will become more apparent from the following detailed description 
when taken in conjunction with the accompanying drawings in which: 

FIG. 1A is a schematic view of a conventional optical fiber grating 
fabrication apparatus; 

FIG. IB is a side view illustrating the conventional optical fiber grating 
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fabrication apparatus; 

FIG. 2 A is a schematic view of another conventional optical fiber grating 
fabrication apparatus; : - 

FIG. 2B is a side view illustrating the second conventional optical fiber 
5 grating fabrication apparatus; 

FIG. 3A is a schematic view of a third conventional optical fiber grating 
fabrication apparatus; 

FIG. 3B is a side view illustrating the third conventional optical fiber 
grating fabrication apparatus; 
10 FIG. 4A is a schematic view of an optical fiber grating fabrication 

apparatus according to a preferred embodiment of the present invention; 

FIG. 4B is a side view illustrating the optical fiber grating fabrication 
apparatus according to the preferred embodiment of the present invention; 

FIG. 5A is a schematic view of an optical fiber grating fabrication 
15 apparatus according to another preferred embodiment of the present invention; 
and 

FIG. 5B is a side view illustrating the optical fiber grating fabrication 
apparatus according to the second preferred embodiment of the present invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described 
hereinbelow with reference to the accompanying drawings. In the following 
description, well-known functions or constructions are not described in detail 
25 since they would obscure the invention in unnecessary detail. 

An optical fiber grating fabrication apparatus according to the present 
invention is applicable to fabrication of fiber gratings using a mask. 
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FIG. 4A is a schematic view of an optical fiber grating fabrication 
apparatus according to a preferred embodiment of the present invention and FIG. 
4B is a side view illustrating the optical fiber grating fabrication apparatus 
according to the preferred embodiment of the present invention. 
5 ; 

Referring to FIGs. 4A and 4B, the optical fiber grating fabrication 
apparatus according to the first embodiment of the present invention is comprised 
of an optical fiber 40 mounted on a support, a mask 42 for forming patterns to be 
used in fabrication of gratings along the direction of the optical fiber 40, a UV 
10 light source for emitting UV light 48, a lens 46 for focusing the UV light 48, and 
a mobile concave lens 44 for diverging the focused UV light along , the axial 
direction of the optical fiber 40. The mask 42 has a predetermined period A and 
gratings are also written in the optical fiber 40 in the period A. 

15 *' . The mask 42 is fixed at a position spaced from the optical fiber 40, 
particularly, as near the optical fiber 40 as possible and the fiber grating period A 
is changed by moving the mobile concave lens 44. The narrow distance 
between the mask 42 arid the optical fiber 40 minimizes a diffraction effect. 

20 FIG. 5A is a schematic view of an optical fiber grating fabrication 

apparatus according to another preferred embodiment of the present invention 
and FIG. 5B is a side view illustrating the optical fiber grating fabrication 
apparatus according to the second preferred embodiment of the present invention. 

25 Referring to FIGs. 5 A and 5B, the optical fiber grating fabrication 

apparatus according to the second embodiment of the present invention is 
comprised of an optical fiber 50 mounted on a support, a mask 52 for forming 
patterns to -be used in fabrication of gratings along the direction of the optical 
fiber 50, a UV light source for emitting UV light 58, a lens 56 for focusing the 
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UV light 58, and a mobile concave lens 54 for diverging the focused UV light 
along the axial direction of the optical fiber 50. The mask 52 has an integrated 
multi-period mask with periods Al, A2, and A3 and gratings are written in the 
optical fiber 40 in a selected period. - 

5 

The mask 52 is fixed at a position spaced from the optical fiber 50, 
particularly, as near the optical fiber 50 as possible and the fiber grating period is 
changed by moving the mobile concave lens 54. The narrow distance between 
the mask 52 and the optical fiber 50 minimizes a diffraction effect. Since the 
10 mask 52 is spaced from the fiber grating 50 by a fixed distance, there is no need 
for considering changes in processing conditions which were encountered in the 
conventional fiber grating fabrication process as changes in the distance between 
a mask and an optical fiber cause different diffraction effects. 

1 5 If a fiber grating period becomes too large or too small in the process of 

fabricating fiber gratings moving the concave lens 54 to and fro in arrow 
directions, an appropriate period portion of the integrated multi-period mask 52 
is selected by adjusting the height of the mask 52. In this manner, fiber gratings 
can be fabricated lengthwise in the optical fiber in diverse periods. 

20 

In accordance with the present invention as described above, a 
diffraction effect and processing time are reduced and deterioration of the 
spectrum characteristics of fiber gratings is prevented because the fiber gratings 
are fabricated with a mask spaced from an optical fiber by a predetermined 
25 distance, particularly by a minimum distance. Furthermore, the fixed distance 
between the mask and the optical fiber removes diffraction variations caused 
according to the wavelengths of intended fiber gratings. As a result, processing 
conditions can be estimated relatively accurately, thereby facilitating fabrication 
of fiber gratings. 
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While the invention has been shown and described with reference to 
certain preferred embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
5 departing from the spirit and scope of the invention as defined by the appended 
claims. 
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WHAT IS 

1 . An optical fiber grating fabricating apparatus comprising: 

a prepared optical fiber; : 
5 a mask with a predetermined period spaced from the optical fiber, for 

forming patterns to be used in fabricating gratings on the optical fiber; 

a UV (Ultra Violet) light source for projecting UV light in a 
perpendicular direction to the optical fiber; 

a lens for focusing the UV light; and 
10 a mobile concave lens for diverging the focused UV light along the 

length direction of the optical fiber and changing the period of the fiber gratings 
while moving to and fro. 

2. An optical fiber grating fabricating apparatus comprising: 
15 a prepared optical fiber; 

an integrated multi-period mask spaced from the optical fiber, for 
forming patterns to be used in fabricating gratings in a selected period on the 
optical fiber; 

a UV (Ultra Violet) light source for projecting UV light in a 
20 perpendicular direction to the optical fiber; 

a lens for focusing the UV light; and 

a mobile concave lens for diverging the focused UV light along the 
length direction of the optical fiber and changing the period of the fiber gratings 
while moving to and fro. 
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ABSTRACT OF THE DISCLOSURE 

There is provided an optical fiber grating fabricating apparatus. To 

fabricate fiber gratings, an optical fiber is prepared, a mask with a predetermined 
5 period is spaced from the optical fiber, for forming patterns to be used in 
fabricating gratings on the optical fiber, a UV (Ultra Violet) light source projects 
UV light in a perpendicular direction to the optical fiber, a lens focuses the UV 
light, and a mobile concave lens 'diverges the focused UV light along the length 
direction of the optical fiber and changes the period of the fiber gratings while 

10 moving to and fro. 



